The heats of isomerization of six of the nonanes were dete rmined by measure ment of the rat ios of the heats of combustion in the liquid state of purifi ed samples of these compounds by t he procedure prev iously d escribed for other hydrocarbons. The data yield t he foll owing valu es for the heat of isomeri zation in the liquid state at 25° C , !1Ho, of n-nonane in to the other nonanes, in k ilocalories per mole : n-No nane, 0.00 ; 3,3-diethy lpentane, -0.01 ± 0.33 ; 2,2,3,3-tetra meth yl pentane, -0.70 ± 0. 31; 2,2,3,4-tetrameth ylpentan e, -0.56 ± 0.22 ; 2,2,4,4-tetra meth ylpentane, -1.] 1. ± 0.25; 2,3,3,' 1-tetramethylpentane, -0.62 ± 0.35. These data were co mbin ed with t he value previou sl y repo rted for the heat o f combus t ion of n-non a ne to obtain values fol' t he heats of com bu st io n o r the othe r fiv e nonanes in the liquid s tate at 25° C.
I. Introduction
In continuation of the program of determining the h ea ts of combustion, formation, and isomerization of hydrocarbons of various types [1 , 2, 3, 4, 5, 6, 7] 1 calorimetric measurements have been made that yield values for the differences in the h eats of combustion, or the heats of isomerization, of six of the isomeric nonanes in the liquid state at 25° C. These h eats of isomerization were combined with the valu e [8] previously reported for the heat of combustion of n-nonane to ob tain values for the heats of combustion of the other five nonanes in the liquid state at 25° C.
II. Unit of Energy, Molecular Weights, Uncertainties
The unit of energy upon which the values reported in this paper are based is the international joule, derived from mean solar seconds and the units of international ohms and international volts, in terms of which cer tification of standards of resistance and electromotive force is made by the Burea u. For conversion to the conventional thermoch emical calorie, the following r elation is used [9] :
I Figures in brackets indi cate t bc l iteratu rc references at t he end of t his paper.
Heats of Combustion and Isomerization 1 calorie = 4.1833 international joules.
The molecular weight of carbon dioxide, the mass of which was used to determine the amount of reaction, was taken as 44.010, from the 1941 table of international atomic weights [10] .
The uncertainties assigned to the various qu ant ities dealt wi th in this paper wer e derived , wher e possible, by a m ethod previously described [11] .
D efinitions of the symbols used ar e given 111 previous papers [1 , 3, 4, 6, 7] .
III. Method and Apparatus
The same method and apparatus wer e used as in the inves tigations recently reported from this laboratory [1 , 2,3 ,4,5,6,7 , 12] . One calorimeter system was used throughout this investigation. Resistance bridge No. 404 and platinum resistance thermometer No. 373, 730 were used for all th e experiments reported here.
No products of incomplete combustion were found in any of th e experiments.
IV. Materials
The compounds used in the present investigation were samples from the API-NBS series of highly purified hydro carbons, which are b eing prepared through a cooperative undertaking of the American P etroleum Institute and the N ational Bureau of Standaras [15, 16, 17] . A complete description of the purification, purity, and freezing points of the six nonanes of the present investigation is given by Streiff , : Murphy, Cahill, Flanagan, Sedlak, Willingham, and Rossini [17] , who r eported the amounts of impurity in these samples, as determined from m eas urements of freezing points, to b e as follows: n-Nonane, 0.0006 ± 0.0004 ; 3,3-diethylp entane, 0 As the manner of purificat.ion of these compounds [17] was such as to leave substantially only close-boiling isomeric impurities in the r espective compounds, it is calculated that in the worst case th e m easured h eat of cDmbustion would be affected by less than 0.001 percent because of impurities in the compound.
v. Results
The exp erimental results of the present investigation are summarized in table 1, which gives ' for each of the six compounds the following data: The number of exp eriments performed; the minimum and maximum values of the mass of carbon dioxide form ed in the combustion and of the calorimetric quantities k, K , U, t::"Rc, t::"r i, t::"rn [1] ; the mean value of B , and its standard deviation, in ohms per gram of carbon dioxide formed , as defined by equation 4 of r eference [1] . The symbols have the sam e significance as in the previous report [1] , and the r eferences there cited.
In table 2 at 28.00° 0 For this calculation, the value of (--t::. U O )" at 28° C was taken as 6110.2 into kj /mole [3] . Th e Z T he Washbu rn correc ti on is the same for a ll t hese compound s as Lhey arc isom ers, b u t account is taken of th e vari ation of Lho co rrection wi t h t he amount of sample burned. As used h ere, t he ' ,"\'ashburn correction was modified to apply to 28° C and to t he gases at zero l) reSSUre (i nstead of 1 atm osphere) . value of th e h eat of com bustion of a given isome r was obtained by appropriately combining the heat of isomerizatio n with the heat of comb ustion of n-nonane as given by the eq uations [8] C9H 20 (n-nonane, liquid) + 0 2(gas) = 9C02(gas) + 10H20 (liquid ) t::.H;,S.16= -6123.5 1 ± 0.75 into kj /mol e = --1463 .80 ± 0.18 into kcal/mol e.
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All the uncertain ties assigned to the experimental quantities in table 2 (except the heats of combustion ) are equal to twice th e standard deviation of the m ean. The uncer tainties assigned to the values of the heats of combustion were obtained by combining [ll] the un certainty in the value of the h eat of comb ustion of n-nonane [8] with the uncertainties in the values of th e lIea ts of isomerization. The uncertainty to be ass igned to the value of the heat of isomerization of any one of th e isomers into any other one may conservatively be taken as ± 0.30 kcal/mole.
The exp erimental data of the present and previous investigations on the paraffin hy drocarbons are being co rrelated to yield heats of combustion and formation of the remaining 29 nonanes which have not been subjected to experimental m easurement, with general formulas for calculating values for the decanes and higher paraffin hydrocarbons [14] .
